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ABSTRACT 

Obesity has appeared as one of the major public health problem and economic burden worldwide. The rates of 
obesity are exploding in Saudi Arabia, approximately 30-50% of adult population is obese or overweight with an 
alarming increase of over 1% annually, one of the highest in the world. Sedentary life style, and complex polygenic 
factors are thought to play an important role. Studies pertaining to different physical factor responsible for this rise have 
been widely documented but biochemical and molecular aspects are not studied for this population. This study evaluated 
the serum leptin levels among Saudi obese, non-obese subjects. Concurrently, measuring the leptin resistance and 
possible major addition or deletions in MC4R gene using PCR. A total of 160 Saudi obese and non-obese subjects were 
analyzed for circulating leptin levels, MC4R gene polymorphism, leptin resistance and dyslipidemic parameters. It was 
found that the mean circulating levels of leptin were 14. 41ng/ml in the obese subjects with a significant prevalence of 
leptin resistance (36.53%). Moreover the prevalence of dyslipidemia among them was estimated as 35.63%. 

With regards to MC4R gene, 63% shown amplification with the first set of primer (Figure A) while 20% of them 
were amplified with second set of primer. However, in the remainingl 7% we didn ’t get any amplification indicating the 
possibility of mutation in the gene. Thus our study suggest significant prevalence of leptin resistance and possible 
mutations in melanocortin 4 receptor gene among the obese Saudi population however further whole genome sequencing 
and variance analysis from extremely obese subjects may yield important insights into genetic aspects of obesity in this 
population. 
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INTRODUCTION 

Obesity is a polygenic multifactorial disorder, which occurs due to complex interplay of genetic, 
environmental and neurologic factors. It is described as the preventable cause of death by WHO, and considered as 
one of the most serious health problem of the 21 st century. Obesity is a major risk factor for premature mortality 
fromcardiovascular diseases, dyslipidemia, degenerative joint disease, metabolic and various other diseases 
(Kopelman PG 2000). Therefore, evidence that its prevalence has been increasing and continues to increase in 
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most developed and developing countries is a cause for major concern (Bamess LA 2007, Seidell JC, 1997 Prentice AM 

2006). 

The central and key players in obesity are melanocortinergic pathways which play an important role in 
mammalian energy homeostasis(Baskin DGI et al. 1999, Mizuno TM et al. 1999) and have functions of inhibiting food 
intake. Amongmelanocortinergic pathwaysleptin and melanocortin are considered as one of the major players. 

Leptin is a protein hormone which is synthesized by the adipocytes and involved in energy homeostatis axis. 
Evidences suggest that the hypothalamic melanocortin system is directly influenced by leptin to regulate food intake 
andbody weight (Hwa et al. 2001) and it has been effectively demonstrated that serum leptin concentrations are 
highlycorrelated with body fat content. Moreover, the production of leptin is evidently related with gender, age and 
ethinicity.Most obese subjects have been shown to be insensitive to endogenous leptin production and have leptin 
resistance (ConsidineRV et al 1996,DyckDJ et al 2006). For example, absence of leptin is associated with massive obesity 
in obVob'mice (Montague et al 1997). 

Concurrently Melanocartin C4 receptor (MC4R) is a seven-transmembrane G-protein coupled receptor which is 
principally expressed in the brain, including the hypothalamus (ConsidineRV et al 1996,DyckDJ et al 2006). 
The importance of the MC4R in the regulation of human body weight became apparent in 1998 when mutations in the 
human MC4R gene were first described as animportant cause of obesity. Yeo et aland Vaisse et alreported heterozygous 
frame shift mutations in the human MC4R that co-segregated in a dominant fashion with severe early-onset obesity. 
Subsequently, multiple different missense and nonsense mutations in MC4R have also been reported, largely in subjects 
with severe obesity commencing in childhood.Moreover, the direct evidence that the MC4R is a key regulator of appetite 
and body weight was provided by Huszar and colleagues 1997, who demonstrated that mice with a targeted disruption of 
the MC4R gene have increased food intake, obesity and hyperinsulinaemia. Whereas heterozygous for the null allele 
showed an intermediate obesity phenotype when compared with their homozygous and wild-type littermates. Given the 
research work carried out, MC4R mutations now represent the commonest known monogenic cause of non-syndromic 
human obesity. 

Saudi Arabia has been witnessing a sharp rise in the obese population national survey has put it at overall 9.3%. 
However other studies have put it as high as 33.9% in Hail to 11.9% in Jizan. There are many studies pertaining to 
prevalence of obesity among Saudi population, and physical factors such as sedentary life style and poor eating habits have 
been attributed as causes of obesity. However no biochemical, molecular and genetic factors have been so far reported for 
this population. In this backdrop this study aims at finding out the possible biochemicaland molecular factors for obesity 
within the framework of leptin levels, leptin resistance, MC4R gene, hyperlipidemia etc inobese and non-obese Saudi 
population. 

MATERIALS AND METHOD 

Enrollment of the Subjects 

For the present study, a total 324 subjects in the age group of 18-25 years in accordance with the criteria given by 
WHO/ declaration of Helsinki (11) were randomly enrolled in the study. Their height and weight were taken with 
standardized methods (Seidell et al 1997) and BMI [weight (kg)/height (m2)] was calculated. Subjects with BMI 18.5 to 
<23 were considered as normal and the subjects with BMI > 25 were considered as obese. Subjects less than 18.5 were 
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considered as underweight (Lean) and were excluded from the study. The exclusion criteria for the subjects were age below 
18 years, prolonged fasting, taking lipid lowering medication, khat chewing or addicted to any other drug, 
pregnancy/lactation, and diabetics taking insulin or any other chronic disease. Inclusion criteria for the subjects was aged 
above 18 years, Non khat chewing, Non diabetic. 

A standard questionnaire was given to the all participant to ascertain their eating habits and other necessary 
parameters such as anthropometric parameter (height, weight and waist circumference), hip circumference to calculate 
their waist to hip ratio, as per WHO recommendations. After ensuring overnight fasting for 12 hours, 3 ml of venous blood 
sample were collected in vacutainers. Serum was separated; aliquots were made and stored at -20°C until further analysis. 
This study was approved by college ethical review committee. 

Body Mass Index Calculation (BMI) 

BMI was calculated as kg/m2. Height was measured using a Harpendenanthropometer 
(Holtain, Ltd, Crymych, UK) to the nearest centimeter and weight was measured using a Scale-tronix scale 
(Sharp Corp, Wheaton, IL, model 695, weighing to 364 kg). All the subjects were divided into 3 grades i.e. grade 1, grade 2 
and grade 3, depending on a corresponding body mass index (BMI) of > 25-29.9, > 30-39.9 and > 40 kg/m2 respectively 
(FranckeS et al 1997) according to the World Health Organization obesity chart recommendation. 

Estimation of Lipid Profile 

Lipid profile was assessed by kit method, total serum cholesterol (TC), triglycerides (TG) and lipoproteins; heavy 
density lipoproteins (HDL-C) and low density lipoproteins (LDL-C) levels were estimated in the study subjects. 
The absorbance in each case was measured with automated analyzer from Cobas Integra using kit method as per the 
instructions of the manufacturer. All samples were processed in a batch at one time to avoid artifacts and variations. 

Estimation of Serum Leptin Levels 

Circulating serum leptin levels were measured by sandwich ELISA, using Leptin ELISA Kits manufactured by 
Pro assay (USA). The intra-assay and inter-assay coefficients of variation in case of leptin were 3.6 and 5.2%, respectively. 
All samples were processed in a batch at one time to avoid artifacts and variations. 

Estimation of Leptin Resistance 

For use as an index of leptin resistance, we measure the ratio of serum leptin to BMI (LEP/BMI) among the study 
subjects as reported earlier (Leea, J.H 2001). 

PCR Amplification of MC4R Gene 

PCR amplification was performed usingcustom design gene specific primers for MC4R gene. Genomic DNA was 
isolated from the huffy coat of whole bloodfrom study subjects using Qiagenminiprepkit (Qiagen, USA). Two pair of 
MC4R gene amplifying 302bp and 190 bp of the coding region was used for the study. MC4Rforward 
(5 '-CTGATGGAGGGTGCTACGAGCAAC -3') and MC4R reverse (5'- GGATGCAAGCAAGGAGCTACA -3') primer 
and MC4R Forward (5’ AAGAACAAGAATCTGC ATTCACCC A-3 ’ ) and MC4R Reverse 
(GGATGCAAGCAAGGAGCTACA-3’)was used and the reaction was carried out under standard conditions, with 35 
cycles of 95°C for 30 seconds, 57°C for 30 seconds, and 72°C for 60 seconds (Farooqi IS et al 2002). Reactions were 
carried out in a total volume of 20 uL and the amplicons were visualized on 1% agarose gels. 
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Statistical Analysis 

Data was maintained on excel spread sheet. Statistical analysis was performed using statistical package for social 
sciences (SPSS Inc., Chicago, IL, USA) version 17. Results were presented as mean ± standard deviation. The differences 
between the non-obese and the obese subjects were analyzedwith student-test’. Pearson’s correlation was computed to 
observe the correlation of leptin with lipid profile. 

RESULTS 

Percent prevalence of Obesity among the study subjects 

A total of 1 13 subjects whose BMI was calculated > 25 were enrolled in the study as obese subjects. Concurrently, subjects 
with average BMI of <18 were considered as underweight and were excluded from the study. Percent prevalence of obesity 
among the study subjects was calculated by measuring body mass index was observed to be 34.90%. 

Table 1: Percent Prevalence of Obesity and Dyslipidemia among the Study Subjects 


Subject Category 

% Prevalence 

Normal 

52% 

UnderNormal Weight 

14% 

Obese 

34.90% 

Dyslipidemia 

35.63% 


Evaluation of serum leptin levels among the study subjects 

To evaluate the role of leptin in obesity, we estimated the concentration of circulating serum leptin among the 
study subjects. The mean average cut off value was calculated as 11.98±1.5ng/ml. Serum leptin concentration is elevated in 
obese subjects (14.41ng/ml ± 1.19ng/ml) as compared to the normal subjects where the concentration was estimated as 
10.49ng/ml±2.48ng/ml (Figure 1). 


Estimation of serum leptin concentration among the study subjects 
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Figurel: Mean Serum Leptin Concentration is Observed to be Significantly Higher Among the Obese 
Group as Compared to Normal Subjects. TheReference Limit or Cut off Values for Serum Leptin 
Concentration is Determinedto be 11.98ng/ml.Two Tailed p Values Were Obtained through Student’s t 
Test with a 95% Power (Level of Significance) and a Minimally Significant p Value of 0.0001 
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Since elevated levels of serum leptin was recorded in obese and normal subjects, we sub analyze the serum leptin 
levels to evaluate the percent prevalence of leptin resistance. It is estimated as 36.53% in obese and 8.3 % in normal 
subjects (Figure 2). Fience extreme obesity (BMI40) predicted leptin resistance (LEP/BMI90th percentile) with odds ratio 
of 4.21 (0=3.01-5.10). 
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Figure 2: Leptin Resistance is Significantly Higher in Obese Group as Compared to Normal Subjects (P Value is 
Less than 0.0001). Prevalence of Leptin Resistance among the Study Subjects is expressedas Mean Percent. The 
Reference Limit or Cut off Values for Serum Leptin Concentration is determinedtobe 11.98ng/ml. 

Association of lipid profile with body mass index (BMl):Since anthropometric parameter and lipid profile is an 
important predictor of obesity. We extrapolate the levels of triglycerides, cholesterol, FiDL and LDL with the subjects 
showing elevated BMI (>25). Our results shows serum levels of FiDL were lower in obese subjects compared to non-obese 
subjects, P<0. 05. Similarly, significantly higher levels of LDL and total cholesterol levels were observed in obese subjects 
as compared to non-obese subjects, P values being 0.001 (Figure 3). 
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Figure 3: Association of Lipid Profile with Body Mass Index of Study Subjects. Concentration of Triglycerides, 
Cholesterol, HDL and LDL areMeasured and Compared among the Normal and Obese Subjects. Their Serum 
Levels Are Expressed as mg/dl and Represented as Mean±SE 
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Melanocortin 4 Receptor (MC4R) Genotyping: Given that MC4R gene is strongly associated with obesity we 
evaluated the distribution of MC4R gene among the obese and non-obese Saudi population. MC4R gene was amplified 
consistently in the normal subjects as compared to obese subjects indicating the possibility of mutation in the obese 
subjects. To ascertain any major addition or deletions in MC4R gene of obese subjects we amplified the coding region of 
MC4R gene using two sets of primer. Out of 113 obese subjects 63% shown amplification with the first set of primer 
(Figure 4A) while 20% of them was amplified with second set of primer. Surprisingly, we didn’t get any amplification in 
the remaining 17% of the obese subjects suggesting the possibility of mutations in the gene. (Figure 4 B). 



Figure 4A: PCR Amplification of MC4R Gene Using First set of Primer in the Obese Subjects. 
MW is 100 Base Pair molecular Weight Marker While NC is Negative Control 

MW 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 1G 17 NC 



Figure 4B: PCR Amplification of MC4R Gene using Second set of Primer in the Obese Subjects. 

MW is 100 Base Pair Molecular Weight Marker While NC is Negative Control 

DISCUSSIONS 

This study evaluated the association of leptin and MC4R gene polymorphism among Saudi obese and non- 
obesesubjects. Concurrently, measuring the dyslipidemic parameters by extrapolating the prevalence of leptin resistance 
and biochemical parameters among the subjects. 

With respectto serum leptin levels, which is considered as an important regulator of energy homeostatic we 
observed its levelto behigher in obese than in non-obese subjects, reinforcing the notion that obese have higher leptin levels 
compared to their normalcounterparts(Figure 1). Given that circulating leptin levelsand leptin resistance are positively co 
related with obesity we estimated the same between obese and non-obese Saudi subjects. We observed that leptin levels are 
significantly higher in the obese subjects as compared to non-obese counterparts (Figure l).This is consistent with the 
previous reports which also showed that leptin levels are higher among the obese subjects (Farooqi IS et al 2002). When 
the results were considered according to BMI and leptin resistance (adjusting the circulating leptin levels), it was found 
that 38.53% are showing leptin resistance as compared to 8.3% in non-obese subjects. This leptin resistance was in 
agreement with the earlier reports in terms of extreme obesity and leptin resistance (BMI > 35, predicted leptin resistance 
(LEP/BMI90th percentile) with odds ratio of 4.21 (CI=3.01-5.10). (Carter S et al 2013 and Park HK et al 2015). 
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(Figure 2). Additionally, our results of leptin association with obesity were further positively supported by higher levels of 
triglyceride (242. 42± 36.39mg/dl), cholesterol (302±61.00mg/dl) and LDL cholesterol (212.01±27.31mg/dl) in obese 
subjects as compared to normal subjects (Figure 3). These results are in in contrast to the study by Rahman A1 Nuaim et al 
1997 who found that there was no significant difference in the mean serum level of total cholesterol concentration between 
control and obese groups. Flowever we found significantly lower mean serum FIDL concentration among the obese group, 
which was in agreement with aforementioned study. 

Further, we determine the risk of dyslipidemia among the obese subjects by extrapolating the biochemical 
parameters we studied. Our results suggest that approximately 35.63% of Saudi obese subjects are at risk of developing 
dyslipidemia (Table-1). Our findings are in agreement with the national survey reports which suggest that the overall 
prevalence of dyslipidemia is 20- 40 % among Saudi population (Al-Kaabba et al 2012). Aljaberi et al while studyingthe 
relationshipbetween overweight, obesity and plasma lipids in Saudi adults with Type 2 Diabetes noted that the prevalence 
of dyslipidemia was 18 -28% among non -diabetic obese subjects. 

Flaving established the positive association of circulating serum leptin levels and leptin resistance among the 
obese subjects, we studied the central molecular signature of obesity; the MC4R gene (Farooqi IS et al 2007).The MC4R 
gene although was consistently amplified in all the normal subjects which we studied, but significant variation was 
observed in obese subjects (Figura4 A and 4B). Although no major addition or deletion was apparently observed but the 
gene was not consistently amplified indicating the possible presence of mutation. Our results are in accordance with the 
previous studies which show that mutations in MC4R gene results obesity in 63.5% of European subjects and it also 
variously effects eating/satiety signaling (Farooqi IS et al 2007). These individuals eat more at a test meal than those who 
have mutations which partially disrupt signaling. In some cases, the alteration of the basal activity of the receptor 
(Lubrano-Berthelier C et al 2003 and Yeo GS et al 2003) has also been reported. A more specific type of mutation inMC4R 
was also reported by Michaela Pichler et al (2008) they genotyped a group of 1029 severely obese white subjects for 
MC4R mutation. These subjects were having an average body mass index (BMI; in kg/m2) of 46.0 (range: 33-92). They 
found that the carriers of the mutationl03I had significantly higher daily energy (364 kcal/d or 19%; P = 0.03) and 
carbohydrate (57 g/d or 27%; P = 0.01) intakes than non-carriers. 

CONCLUSIONS 

Thus our study is one the first report from south western province of Saudi Arabia to demonstrate association of 
leptin hormone and melanocortin 4 receptor gene among the obese subjects. In future, however a whole genome 
sequencing of the extremely obese subject, followed by genetic variance analysis will be carried out to get asignificant 
insight in the causes of obesity. Moreover sequencing of specified translational regions with SNP in functional motifs may 
yield meaningful insights. Also given to the high rate of consanguinity in KSA it would be interesting to see the 
transmission dynamics of MC4R and other genetic players of obesity. 
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